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Calibration of the late-spring soil nitrate test 
for manured soils 
Abstract: In the past, farmers have generally assumed that nitrogen fertilizers were needed on 
manured cornfields and questioned the value of using the late-spring soil nitrate test. In this project, 
Iowa farmers cooperated in studies at 111 sites to calibrate the test on manured cornfields. The value 
of animal manures as a nitrogen fertilizer for corn, and the possible benefits to corn producers, were 
also assessed. Results show that guidelines for using the late-spring test in manured cornfields need 
to be revised to decrease amounts of fertilizer nitrogen recommended. Widespread implementation of 
the late-spring soil nitrate test and the end-of-season cornstalk nitrate test should bring about more 
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manured soils. Calibration of a soil test in­
volves experimental determination of the "criti­
cal" concentration (i.e., the concentration of 
nitrate above which additional fertilizer N is 
not recommended). Calibration also involves 
developing recommendations concerning 
amounts of N that should be applied to soils 
testing below the critical concentration. The 
field experiments needed to calibrate a soil test 
also enable assessments of the test's reliability 
as well as any benefits that use of the test may 
offer over alternative practices. 
Reports from the northeastern United States 
show a surprising degree of agreement that the 
critical concentration of soil nitrate is 20 to 25 
parts per million (ppm) N for corn. There are, 
however, many reasons for suspecting that the 
critical concentrations may actually vary pre­
dictably with conditions that are known at time 
of sampling. One reason is that extensive 
studies in Iowa indicate that lower critical 
concentrations should be used for corn grown 
after alfalfa. Another reason is that studies in 
Iowa show that performance of the soil test is 
improved if the critical concentration is de­
creased in situations where unusually large 
amounts of rainfall occur shortly before samples 
are collected for the test. Knowledge of how 
critical concentrations vary with field condi­
reflect any losses and gains of plant-available tions can be used to improve the performance 
N during the spring, but it is early enough that of the soil test. 
more N can be applied if needed. 
There is little consensus concerning the 
The problem addressed in this project is that amounts of N that should be applied to soils 
the late-spring test has not been calibrated for having low concentrations of nitrate. Indeed, 
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effective use of animal manure as crop fertilizer. 
Background 
Land application of animal manures can sup­
ply nitrogen (N) necessary for crop produc­
tion. The availability of this N to crops, how­
ever, varies greatly with animal species and 
age, type of storage, application method and 
timing, and weather after application. This 
variability is due to differences in percentages 
of N lost from the soil soon after application 
and by differences in how rapidly the remain­
ing N is converted to plant-available forms. 
Uncertainty concerning N-supplying power 
greatly limits the fertilizer value of animal 
manures. This often prompts unnecessary 
applications of fertilizer N to ensure against 
possible yield reductions. These applications 
negate much of the value of manure nutrients. 
Unnecessary applications of fertilizer N are 
undesirable because they reduce the profitabil­
ity of crop production and increase environ­
mental problems associated with agriculture. 
The late-spring test for soil nitrate offers great 
potential as a management tool for reducing 
uncertainty in amounts of plant-available N 
supplied by manures. This test involves mea­
suring concentrations of nitrate in the surface 
foot of soil when corn plants are 6 to 12 inches 
tall. This time of sampling is late enough to 
26 
some reports suggest that the soil test is not senting different prices for fertilizers and grain. 
useful for this purpose. The most remarkable Yield responses to added N treatments were 
aspect of assessments of the test's reliability expressed as net returns to added N, which 
for prescribing N needs for low-testing soils is were calculated by subtracting N fertilization 
a virtual absence of appropriate experimental costs and the value of grain produced on plots 
data. This lack of data fosters confusion that without added N from the value of grain on 
poses a barrier to acceptance and use of the soil plots with added N. An application cost of 
test on manured soils. $2.50/acre was used in all scenarios. Net 
returns to fertilization were analyzed to deter-
The main objective of this work was to cali- mine the effects of N applications on produc­
brate the late-spring test on manured corn­ ers ' profits. 
fields in Iowa. Another objective was to assess 
the value of animal manures as N fertilizer for Critical concentrations of soil nitrate and 
corn and the benefits corn producers may amounts of N that should be recommended for 
expect if they use the test. low-testing soils were determined by examin-
Approach and methods 
ing relationships between net returns to N 
fertilization and concentrations of soil nitrate. 
Studies were conducted in cooperation with The critical concentrations and rates of fertili­
farmers to enable studies at a maximum num­ zation that maximized profits across all sites 
ber of sites, to ensure that the conditions stud- were considered to be the best recommenda­
ied were relevant to current farming practices, tion. This method is based on the premise that 
and to let farmers see the results on their fields. a recommendation that would have maximized 
profits across the many sites studied should 
A total of 111 N-response trials were con- also maximize profits when used across the 
ducted in 1992, 1993, and 1994 in cornfields range of conditions represented by the study. 
that had been manured by farmers using their 
normal management practices. The studies Economic benefits of the soil test were esti­
were distributed across 23 counties to provide mated by comparing net returns to fertilization 
variety in soil types and weather conditions. that would have resulted from using alterna-
The experimental sites were selected to in­ tive recommendation systems across all sites. 
clude great variety in terms of types of manure, Environmental benefits from using the soil 
times of application, rates of application, and test were estimated by comparing the N fertili­
methods of application. Except for withhold­ zation mean rates needed to maximize profits 
ing normal applications of commercially pre- in each alternative recommendation system. 
pared N fertilizers, the test area was managed 
no differently than the remainder of the field. A program involving active participation of 
FFA students was initiated in 1994. Many of 
Sixteen plots, arranged in 4 blocks of 4 plots, the trials that year were conducted on farms 
were established at each site when corn plants selected by the students. Students helped with 
were 6-12 inches tall. Plots were 40 feet long collection of soil samples, measuring yields, 
and 4 or 6 rows wide. The surface foot of soil and collecting samples for the end-of-season 
in each block was sampled by collecting and cornstalk nitrate test. One student worked as a 
compositing 32 cores. Immediately after the research aide on campus all summer and pre-
soils were sampled, ammonium nitrate was sented results of the studies at meetings. 
topdressed at various rates (0,30,60, and 90 lb 
N/acre) to plots in each block. Grain yields 
were measured by hand picking portions of Findings 
each plot. Samples for the end-of-season Statistical analyses of net returns to fertiliza­
cornstalk test were collected from each plot. tion within each site indicated that across sites, 
additions of N had no detectable effect on 
The effects of N fertilization on profits were profits, increased profits, and decreased prof-
analyzed for each of several scenarios repre­ its in an approximately even distribution. The 
Leopold Center Progress Report 27 
number of sites in each category varied with 
prices for fertilizer and grain. These findings 
show that, especially if one cannot predict 
where N is needed, the economic benefits of N 
fertilization often do not offset direct costs of 
fertilization on manured soils (see Fig. 1). 
Evaluations of N status by the late-spring test 
for soil nitrate showed excellent agreement 
with evaluations of N status by the end-of-
season test for cornstalk nitrate. The benefits 
of adjusting critical concentrations of soil ni­
trate for excess rainfall before sampling were 
Fig. 1. Frequency 
distribution of optimal 
rates of N application 
across 111 trials on 
manured cornfields 
with two price sce­
narios. Trials having 
0 Ib N/acre as optimal 
are partitioned 
between sites where 
added N had statisti­
cally significant 
negative effects on 
profits and sites 
where positive or 
negative effects were 
too small to detect. 
confirmed by these relationships. These ob­
servations indicate that corn producers now 
have two reliable management tools for evalu­
ating the N status of their cornfields. 
Net returns to fertilization showed clear rela­
tionships with soil nitrate concentrations (see 
Fig. 2). The rainfall-adjusted critical concen­
trations of nitrate varied from 15 to 20 ppm 
depending on prices for grain and fertilizer, 
with the lower critical concentration being 
more appropriate for economic conditions un­
favorable for the producer. The finding that 
the critical concentration for manured soils 
tends to be lower than for nonmanured soils is 
reasonable because additions of manure should 
be expected to accelerate formation of plant-
available N after the soils are sampled. 
The results showed that N fertilization at any 
single rate across all sites was a profit-reducing 
activity when fertilizer and corn prices are 
relatively unfavorable but within the range 
often experienced in Iowa (see Table 1). At all 
price scenarios considered, use of the soil test 
substantially increased the profitability of N 
fertilization. Under the less favorable condi­
tions, use of the soil test transformed N fertili­
zation from a profit-reducing activity to a profit-
generating activity. 
Table 1. Mean net returns to fertilization across 111 trials 
in scenarios where N was applied according to various 
recommendations. 
Mean net returns to added N 
Recommendation Corn @ $2.00 Corn @ $2.50 
system N@$0.30 N (2) $0.15 
—-­ $/acre 
0 Ib N/acre to all soils 0 0 
30 Ib N/acre to all soils -0.46 6.80 
60 Ib N/acre to all soils -3.84 9.32 
90 Ib N/acre to all soils -10.51 7.74 
Soil Test Used1 5.89(23) 14.10 (31)2 
1
 Rates of N used for each soil test value essentially are the rates that 
maximized profit in Fig. 2. 
2Values in parentheses indicate mean rate of N application in Ib/acre. 
Use of the soil test to guide applications of N 
resulted in substantial decreases in the mean 
rates of N application needed to maximize 
profits. The soil test had the ability to increase 
profits while reducing average rates of fertili­
zation because it enabled distinction between 
situations where fertilizer was needed and 
where it was not. 
Implications 
Farmers generally have assumed that N fertil­
izers were needed on manured cornfields and 
questioned the value of using the late-spring 
test. They now should question the value of 
this fertilization unless the soil test is used to 
identify where N is needed. 
Current guidelines for using the late-spring test 
in manured cornfields need to be revised in 
light of the new information provided by this 
study. The revisions will decrease amounts of 
fertilizer N recommended. Revised guidelines 
will be made available to producers for the 
1996 growing season. 
Information obtained in this study suggests 
that most Iowa farmers greatly under-estimate 
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the value of animal manures as a fertilizer for 
corn production. Although detailed informa­
tion concerning N fertilization practices used 
by the cooperating farmers was not collected, 
it seems that most producers were applying 
more than 100 lbs N/acre to the manured soils 
surrounding the test areas. The majority of 
the farmers seemed to be applying about 100 
lbs N/acre more than was needed. The late-
spring test and the end-of-season cornstalk 
test should be seen as valuable tools for 
helping farmers recognize the value of ma­
nure as a fertilizer. 
Widespread use of the late-spring test to 
guide fertilization on manured soils should 
substantially decrease amounts of fertilizer N 
applied. One driving force will be the desire 
for increased profits as producers learn how 
to avoid unnecessary fertilization costs. A 
period of relatively high fertilizer prices might 
accelerate adoption of the soil test. Another 
important factor may be concern about envi­
ronmental degradation due to unnecessary N 
applications. The unique value of the soil test 
lies in how it allows farmers to identify situ­
ations where profits can be increased by 
taking steps to protect the environment. 
Widespread use of the soil and stalk tests 
should encourage more judicious application 
of manures. It seems likely that a major 
driving force to lower average rates of ma­
nure application will be knowledge that prof­
its often can be increased by applying manure 
at lower rates to more fields and thereby 
reducing expenditures for commercial fertil­
izers on a greater number of fields. Another 
driving force undoubtedly will be a desire to 
protect the environment as farmers obtain 
information about the N status of their own 
fields. The Leopold Center has funded a new 
three-year project in which the soil test and 
the stalk test are being used in many on-farm 
trials to identify optimal rates of application 
of swine manure for corn production. 
The involvement of FFA students in projects 
such as this is a cost-effective way to acceler­
ate implementation of the soil test. It also 
should help the next generation of farmers 
recognize the value of site-specific manage-
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ment practices. This project was subsequently 
awarded a $90,000, two-year grant entitled 
"FFA participation in on-farm demonstrations 
of new tools for optimizing use of animal 
manures in crop production" from the USDA 
Sustainable Agriculture Research and Educa­
tion program. A major objective is to develop 
teaching materials that enable other FFA chap­
ters to do effective projects demonstrating the 
soil test and stalk test in their communities. 
Increased implementation of the late-spring 
test for soil nitrate and the end-of-season test 
for cornstalk nitrate should result in more ef­
fective use of animal manures as crop fertilizer. 
Benefits include increased profits for produc­
ers, more dollars retained in rural communities 
as less is spent for commercial fertilizers, less 
dependence on petroleum-based fertilizers, less 
environmental degradation caused by unnec­
essary fertilizer applications, and less threat of 
unnecessary environmental legislation. 
Fig. 2. Relationships 
between concentra­
tions of soil nitrate in 
late spring and mean 
net returns to N 
fertilizer applied 
immediately after the 
soils in 111 trials were 
sampled for nitrate. 
For more information 
contact A. M. 
Blackmer, Agronomy, 
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50011; (515)294-
7284. 
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